The rapid detection of infectious disease during hospital visits is vital to minimizing health threats during outbreaks. [1] [2] [3] Before March 2003, when the severe acute respiratory syndrome (SARS) outbreak in Taiwan began, all passive systems of reporting infectious disease were based on physician diagnosis of "known" diseases. During the SARS outbreak, 2 reporting systems were used. One was Taiwan's Clinical Syndrome Surveillance (CSS), which was used to monitor clinical symptoms of hemorrhagic, neurological, respiratory, jaundice, and diarrhea syndromes and to help healthcare workers (HCWs) investigate unknown infectious diseases with unclear clinical presentations. It was piloted in June 2000 and had previously been used to assist in difficult diagnoses. 4 The other was the National Notifiable Disease Surveillance (NNDS) system, which, starting on April 17, 2003 , required clinicians to report both suspected and probable cases of SARS. [5] [6] [7] [8] [9] [10] [11] By June 30, 2003, of the 3,349 cases reported to NNDS, 360 were clinically probable SARS cases later proven by detection of SARS coronavirus, of which 288 (80%) were associated with hospitals, primarily after mid-April. [8] [9] [10] This SARS outbreak had a significant impact on healthcare systems and tested the surveillance of emerging infectious disease in Taiwan. 5 Although HCWs were required to do everything possible to help reduce the spread of contagion, 11 their over-reporting overwhelmed the public healthcare surveillance system. 8 We surveyed HCWs who cared for patients with SARS in 3 different types of hospitals, to evaluate the accessibility and acceptability of the CSS and NNDS systems and to identify hindrances to reporting. methods Hospitals in Taiwan are accredited at 3 levels-medical center, regional hospital, and community hospital-on the basis of their comprehensiveness of medical services and their size. Taiwan's 20 medical centers reported 1,379 cases of SARS, the 71 regional hospitals reported 1,395 cases, and the 128 community hospitals reported 524 cases. In fact, 83 of 86 healthcare facilities (17 medical centers, 39 regional hospitals, and 27 community hospitals) cared for patients with confirmed SARS coronavirus infection. In total, 54 of the 83 facilities were sampled, which were chosen on the basis of those with the highest numbers of SARS cases reported and to include the 42 hospitals that had hospital-associated confirmed cases of SARS coronavirus infection. Under the guidance of the Taiwan Centers for Disease Control and Prevention (Taiwan CDC), the infection control coordinators of these 54 hospitals were sent self-administered, structured, anonymous questionnaires in September 2003. Private practitioners were excluded because they rarely tended patients with SARS. Each infection control coordinator disseminated the questionnaire to the primary care physicians, clinical nurses, infection control personnel, hospital administrators, and ancillary medical support personnel who cared for the patients with SARS. The completed questionnaires were mailed back by the same coordinators. Those who did not respond were sent the questionnaire again. In total, 6 (35%) of the 17 medical centers, 32 (82%) of the 39 regional hospitals, and 16 (59%) of the 27 community hospitals with confirmed SARS cases submitted acceptably completed questionnaires. The questionnaire collected the following information: (1) HCW data (extra infectious control training and/ or orientation received, professional background, and work experience); (2) 30 types of problems in reporting, the extent of the problems, and reasons that the HCWs might overlook a probable SARS case or delay reporting one; and (3) subjective opinions about the usefulness of the NNDS and CSS reporting systems, on a scale from 0, indicating least useful, to 10, indicating most useful.
All questionnaire items had been formulated jointly with the surveillance personnel at Taiwan CDC. Content validity was verified by a panel of experts composed of infectious diseases physicians, nurses, and epidemiologists. It was further tested by small groups of HCWs outside the selected hospitals, to ensure that the content and wording were understandable and reliable before the questionnaire was administered. Quantitative data were summarized and tested for statistical significance by use of the x 2 test for proportional data; the x 2 test for trend, to compare the reasons for missing cases or delayed reporting in different types of hospitals; and the Wilcoxon matched-pairs signed rank sum test, for comparing the usefulness and acceptance of the NNDS and CSS systems. The overall response rate was 86.3% (233 of 270 questionnaries sent were completed). In addition, 229 questionnaires (84.8%) were completed well enough to include in our analysis. These 229 completed questionnaires comprised 27 (90%) of 30 questionnaires sent to medical centers, 136 (85%) of 160 sent to regional hospitals, and 66 (82.5%) of 80 sent to community hospitals, with no statistically significant difference in response rate. Of the 229 questionnaires, 24 (10%) went to infectious diseases physicians, 51 (22%) went to internists and emergency physicians, 63 (28%) went to infection control nurses, 40 (17%) went to clinical nurses, 45 (20%) went to hospital administrators, and 6 (3%) went to laboratory or respiratory technicians. The infection control training of the respondents is shown in Table 1 .
According to questionnaire responses, medical center workers were more hindered from reporting SARS cases by internal administrative control mechanisms (such as screening them first through a SARS review committee) than were non-medical center workers (59% vs 33%; ). HCWs at com-P p .009 munity hospitals, compared with HCWs at regional hospitals and HCWs at medical centers, were more often hindered in reporting SARS cases by having to wait for treatment response (45% vs 32% and 22%; ), by pressure from patients P p .02 or their families (36% vs 22% and 15%;
), and by P p .012 inconsistent laboratory results and diagnoses (17% vs 7% and 0%;
). P p .004 On the basis of individual responses, the most frequently reported problems were atypical clinical presentations (69% of respondents), having to wait for laboratory or clinical responses (49%), protecting the privacy of patients (48%), and seeking consultation (44%) ( Table 2 ). Administrators and internists or emergency physicians were more often delayed by internal administrative controls than were nurses (43% vs 29%;
); and nurses were more often delayed by having P p .04 to wait for laboratory results (57% vs 41%;
). Primary P p .02 care and infectious diseases physicians were more apprehensive about reporting than were nurses (43% vs 29%; P p ). Infectious diseases physicians were least influenced by .048 fear of media attention. Physicians and nurses without infectious diseases training waited for consultation before reporting SARS cases more often than did those with training (45% vs 15%;
). HCWs found the NNDS system to P p .003 be better and less burdensome than the CSS system (z p ; , by Wilcoxon matched-pairs test), although 2.73 P p .006 they rated both systems to be very useful.
discussion
One important impact of the SARS outbreak was the initiation and acceleration of improvement in the performance of Taiwan's hospital surveillance systems for emerging infectious diseases. 2, 3 Not ignoring possible recall bias and selection bias, we found that the syndrome-based surveillance system in Taiwan could be improved by educating workers about the use of a broader case definition, the protection of confidentiality, the creation of a professional consultation system, the maintenance of a cooperative relationship between public healthcare agencies and healthcare facilities, and the simplification of reporting.
Atypical clinical presentation of SARS was the first reporting problem. Because HCWs generally lacked an understanding of syndromic surveillance, the waiting time for laboratory results or clinical responses affected reporting of cases (by 48% of respondents), even when the clinical criteria were fulfilled. This barrier to reporting can be addressed by educating HCWs about the public healthcare goal of surveillance and how to use broader case definitions in syndromic surveillance and by changing the goal of different surveillance systems at a policy level. The CSS system should serve different goals than the NNDS system by focusing on early detection rather than 100% accuracy.
To avoid the second reporting problem-possible stigmatization of patients with SARS [12] [13] [14] -healthcare policy should be made to ensure optimal care and confidentiality of the patients, and HCWs need to learn how to maintain confidentiality. Lack of a professional consultation system was the third problem. Reporting was affected at community hospitals and clinics because they were less prepared and more strongly influenced by the public media. In May 2003, Taiwan CDC established designated SARS contract laboratories and an interhospital infection control mutual aid network to provide better technological support.
Fines or suspension of licenses for delayed or under-reporting caused 36% of the HCWs to intentionally over-report, resulting in a misallocation of limited resources. With less than 1% of reporting being motivated by finances, a cooperative rather than an adversarial relationship between public health agencies and healthcare facilities is needed. Finally, problems with an overburden of paperwork and many people to report can be improved by modern medical informatics, along with standardized terminology and integration of different data sets to increase efficiency. [15] [16] [17] [18] [19] [20] In the future, in considering the threat of other emerging infectious diseases-for example, avian influenza-and possible administrative delays in reporting, healthcare authorities might want to obtain electronically automated, integratable relevant data sets in a timely manner from sentinel hospitals or to directly tap electronic medical records to identify temporal and geographic distributions of symptoms that can serve as early warning signals.
